Aim-To determine the pattern of rhodopsin mutations in Chinese retinitis pigmentosa (RP) patients. Methods-The rhodopsin gene was examined in 101 RP patients and 190 controls from Hong Kong. Results-Three coding changes were identified: Pro347Leu, Ala299Ser, and 5211delC. Each protein sequence alteration was found in one patient. Ala299Ser also existed in two controls. Conclusion-The C-terminal nonsense mutation may cause mis-sorting of rhodopsin protein. The finding of controls with Ala299Ser suggests this is only the third missense alteration reported that does not cause RP. The expected frequency of rhodopsin mutations in RP is <7% (2/101=2.0%, 95% confidence interval: 0.2%-7.0%). (Br J Ophthalmol 2001;85:1046-1048 Mutations in the gene encoding rhodopsin (RHO) lead to retinal degeneration in species from Drosophila 1 to humans. RHO mutations cause autosomal dominant retinitis pigmentosa (ADRP), although a few mutations cause recessive RP or congenital night blindness, [2] [3] [4] [5] [6] and account for about 25% of ADRP in Europe 7 8 and North America, 9-11 and less in Japan.
Mutations in the gene encoding rhodopsin (RHO) lead to retinal degeneration in species from Drosophila 1 to humans. RHO mutations cause autosomal dominant retinitis pigmentosa (ADRP), although a few mutations cause recessive RP or congenital night blindness, [2] [3] [4] [5] [6] and account for about 25% of ADRP in Europe 7 8 and North America, [9] [10] [11] and less in Japan. 12 13 To investigate the frequency of rhodopsin mutations in Chinese patients with retinitis pigmentosa (RP), and to discover new mutations that may shed more light on rhodopsin's function, we examined the entire coding region and exon splice sites of rhodopsin for sequence changes in 101 RP patients and 190 controls who were all unrelated Hong Kong residents.
Methods
Unrelated RP patients were identified by fundus examination, assisted by visual field and electrodiagnostic tests at the Prince of Wales Hospital or Hong Kong Eye Hospital in Hong Kong. Control subjects were visitors to the above hospitals who were over 60 years old and had no major eye disease except cataract. All subjects were ethnic Chinese. Family members of some RP patients also participated. A blood sample was taken after informed consent was given for participation in genetic studies. Approval was given by the ethics committee for human research of the Chinese University of Hong Kong.
We examined the five coding exons and splice sites of RHO in 101 Chinese RP patients and 190 controls from Hong Kong. DNA was extracted from blood, and sequence alterations were detected using polymerase chain reaction (PCR), conformation sensitive gel electrophoresis (CSGE), and DNA sequencing. Sequences were compared with the published human RHO sequence.
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Results
Of nine nucleotide changes, three alter the protein sequence (Table 1) . One was a novel nonsense mutation, 5211delC, predicted to alter the C-terminal sequence by replacing the negatively charged final 22 amino acids containing six phosphorylation sites by a 32 amino acid positively charged sequence with only two Thr. This mutation occurred in one patient, a 53 year old woman whose earliest symptom was night blindness at age 30. She had a visual acuity of right eye 0.5/200 and left eye 5/200, waxy optic discs, attenuated arterioles, mottled retinal pigment epithelium (RPE), and scattered bone spicule pigmentation. Her younger daughter, who also carried the mutation, was 26 years old with no RP symptoms. However, her RPE was also mottled. Three other relatives were genotypically and phenotypically normal. Two relatives with RP were not available for study.
The commonly reported rhodopsin mutation Pro347Leu was found in one patient, a 55 year old woman. Her earliest symptom was night blindness at the age of 17. She had an acute attack of angle closure glaucoma in her right eye in 1996 which was aborted by laser peripheral iridotomy. Final vision in her right eye dropped to light perception only whereas the left eye held at the level of 20/70. The right optic disc was extremely pale with a cup/disc ratio (C/D) of 0.8 and optic atrophy subsequent to the acute glaucoma, whereas the left had mild pallor with a C/D of 0.2. Her left visual field was constricted. Fundal examination revealed bone spicule pigments and attenuated vessels. The Pro347Leu mutation was detected in three of her children, aged 33, 28, and 17. All had night blindness at 17. They had visual acuity of 20/30, pinkish optic discs, bone spicule pigments, constricted visual field, and poor scotopic and photopic response in electroretinogram (ERG) in both eyes. The one child without the mutation had no symptoms of RP at age 34. The remaining protein sequence alteration, Ala299Ser, was found in one patient. Two control subjects also had Ala299Ser.
Discussion
The novel nonsense mutation 5211delC should radically alter and extend the carboxyl terminus (Fig 1) . Three pathogenic mechanisms are possible:
(1) Loss of two negatively and addition of nine positively charged residues alters the charge of the carboxyl terminus, possibly aVecting the structure and function of rhodopsin.
(2) Loss of all six phosphorylatable residues at the C-terminus may prevent activation of arrestin. [15] [16] [17] This may kill the cell by overstimulating the phototransduction pathway, analogous to constant light induced cell death. But ADRP also resulted from a 1 bp deletion closer to the C-terminus, at codon 340, 18 which may not aVect phosphorylation since only three of six phosphorylatable residues would be removed. (3) Loss of the highly conserved C-terminal sequence QVAPA, which controls rhodopsin transport, may misdirect rhodopsin to incorrect cellular locations. [19] [20] [21] [22] Mutations in these amino acids cause severe ADRP. [23] [24] [25] Despite the altered C-terminus, patients did not develop RP early in life. RPE mottling was found at age 26, with onset of night blindness around 30. Thus, there does not seem to be an additive eVect of the above possible pathogenic mechanisms.
The patients with the most commonly reported rhodopsin mutation, Pro347Leu, all had relatively early onset at 17. This mutation was found in one of 101 index patients, consistent with a frequency of 3.6% among American ADRP families.
Neutral amino acid substitutions in rhodopsin are rare. So far, only two nonpathogenic missense changes have been reported, Val104Ile 26 and Phe220Leu. 9 Sung et al 27 screened RHO on 322 chromosomes and found 39 ADRP mutations but no amino acid substitutions unrelated to ADRP. In our study, Ala299Ser was found in a patient and two controls. Ala299 is not well conserved; among 65 vertebrate opsins, only 27 have Ala at this position, while the others all have serine. 28 Serine can be thought of as a hydroxylated version of alanine. These observations may help to explain why this missense change is well tolerated in humans. However, changing residue 299 to amino acids besides Ser might still cause RP. RHO mutations represent the most common known cause of RP, occurring in 10% of cases and over 25% of ADRP in North America. 29 There, the most frequent mutation, Pro23His, accounts for one third of rhodopsin induced cases but probably arose in a single ancestor. 9 It occurs nowhere else. Excluding Pro23His, the proportion of ADRP families with rhodopsin mutations is 16-18%, 7 9 or about 6-7% of all RP cases, consistent with Japanese studies. 12 13 The proportion of RHO mutations in Chinese RP patients was not previously reported, but the current study measures it as less than 7% (2/101 = 2.0%, 95% confidence interval 0.2%-7.0%). This might be lower than in North America, but more patients must be screened to confirm this trend. 
